A detailed review of mechanical irri-.tams, stinging nettles, phototoxic compounds and contact allergens causing dermatitis in men is presented. The producing ~l a n t s and their dermatitis causing constituents are listed. The chemical structures and the botanical sources of I primary irritants are also discussed.
Introduction
A detailed review of mechanical irri-.tams, stinging nettles, phototoxic compounds and contact allergens causing dermatitis in men is presented. The producing ~l a n t s and their dermatitis causing constituents are listed. The chemical structures and the botanical sources of I primary irritants are also discussed.
The production of dermatitis by contact is a highly effective defence mechanism exhibited by many plants, and poses a clinical problem both for the physician and the veterinary surgeon. Dermatitis can result from contact with living, damaged, or processed plant materials, and may manifest itself in the patient at once, a few hours after contact, o r may not occur until the second o r subsequent exposure as in the case of the allergens.
Recent chemical and pharmacological investigations into natural product induced dermatitis have enabled the various plants and plant products to be classified into five major groups. Recognition of the type of agent involved is important from a clinical point of view. These groups comprise the mechanical irritants, the stinging nettles, the phototoxic compounds, the allergens, and the primary irritants. An understanding of the mechanisms of action of these substances may eventually lead to a greater understanding of the biochemistry of inflammation states and also pain production in mammalian skin.
Mechanical irritants
Several plant species are able to elicit characteristic dermatoses by means of small, easily detachable rough hairs o r bristles [I] , o r by means of acicular calcium oxalate crystals [I, 21. Many of the Boraginaceae, including Borago, Echium, Lycopsis, Pentaglottis, Pulmonaria, and Symphytum species are covered with course, stiff trichomes. These hairs are able to penetrate the skin and induce dermatitis [I] . Cornus sanguinea L. (Cornaceae) , known as the dogwood, bears unusual T-shaped trichomes which produce erythema and urticaria when the leaf'is rubbed on the skin [I]. Malpighia urens (Malpighiaceae) also bears hairs that can induce skin irritation. This plant was once thought to be a stinging nettle, but is now known to belong to the, class of mechanical irritants [3] .
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The awns of barley and other cereal grasses are also known for their irritant properties. The effect is produced mechanically, and the dermatitis resembles that produced by various tropical palms that bear hook-like hairs ['I ]. An occupational dermatitis in pickers of the fruit of Opuntia ficus-indica L. (Mill.) and Opuntia cochinillifera (Cactaceae), known as prickly pears, has been termed sabra dermatitis [4] . This condition is caused by the penetration of the skin by glochidia, the small barbed bristles present in the areoles of the cacti [4, 5] .
Minute needle-shaped calcium oxalate crystals are present in the tissues of many plants [6, 71, where they are thought to be waste products of cellular metabolism. Their presence in the dry outer scales of daffodil (Narcissus species) and hyacinth (Hyacinthus species) bulbs is responsible in part for the condition known as lily rash, and hyacinth itsch [2] . An allergic sensitivity may co-occur, especially to Narcissus species [2] . The nature of the allergen is at present unknown.
Stinging nettles
The nettles have a highly specialised ability to evoke dermatitis. The plants are characterised by the presence of hypodermic syringe-like emergences [ 8, 91 which are capable of penetrating the skin and injecting a small amount of toxin. The effects produced range from mild skin irritation as in the case of the com- lies: the Urticaceae, Loasaceae, Euphorbiaceae, and Hydrophyllaceae (see Table  1 ).
The stinging hair is a tapered elongated cell, constricted just below the tip. It has a bulbous base which is embedded in a multicellular sheathing ~edestal. The tip of the hair is readily sheared off on slight contact to ~r o d u c e the hypodermic needle, which then penetrates the skin and injects its contents [3] . Of the few species studied, most have been found to bear hairs with a silicaceous tip. However, the stinging hairs of Tragia species have a calcium oxalate tip. This is ejected from the cell on contact and penetrates the skin. The initial sensation of pain is produced mechanically, but the skin reaction is due to the injected toxin [3, 91.
Little is known of the composition of the nettle toxins. Acetylcholine, histamine, and 5-hydroxytyptamine have been reported as being present in extracts of Urtica dioica, Urtica parv$i'ora and Girardinia heterophylla [12, 13, 14, 
151.
These investigations were pharmacological and chromatographic only, and a much more rigorous chemical analysis is
indicated. An investigation of the mechanism of action of the sting toxin from Urtica urens demonstrated that the effect of the sting could be reproduced by pricking the skin in the presence of acetylcholine and histamine [16] . In addition, substances with the pharmacological activity of acetylcholine, histamine, and 5-hydroxy-tryptamine have been detected in Laportea moroides [lo] , but in this case attempts to reproduce the effects of the sting were not successful. The toxin of this species produces pain, inflammation, sweating, and piloerection [lo] .
Although not a stinging nettle, cowhage (Mucuna pruriens DC Leguminosae) and other Mucuna species [I 71 bear trichomes on their seed pods that can elicit intense pruritis and inflammation on penetration of the skin [18] . A proteinase known as mucunain has been shown to occur on the exterior surface of the barbed trichomes. This enzyme is responsible for the intense pruritis and together with the mechanical effect of the hairs is probably responsible for subsequent dermatitis [19].
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Phototoxic compounds
Many compounds are known that become ~hoto-activated on exposure to a certain waveband of light which may be in the ultra-violet o r near visible range.
This can occur in vitro, but if allowed to occur on living skin the compound may thereby become either a primary irritant o r an allergen. In the plant kingdom, the only compounds that have been reported to evoke photodermatitis are furocoumarins [20, 211. T h e naturally occurring furocoumarins are phototoxic compounds and after activation act as primary irritants. Since no allergic mechanism is involved all individuals may be expected to react on the first exposure if the concentration of the phototoxic principle and light intensity is sufficient. The severity of the response is also increased by high humidity [20, 21] . The course of the skin reaction resembles and ribosomal R N A is involved in the waveband 320-370 nm in the ultra-violet region [22, 231. A structure-activity study [23] has demonstrated that of the naturally occurring furocoumarins, psoralen is the most active phototoxic agent. Xanthotoxin was found to be only one third as active and bergapten a quarter as active as psoralen. The synthetic 8-methylpsoralen was almost six times as potent as psoralen (see Fig. l) .
The furocoumarins have only a limited distribution in the plant kingdom, having been found in the families Moraceae, Umbelliferae, Rutaceae, Rosaceae, and Leguminosae [24] . Some of the more common furocoumarin containing species that have been found to elicit photodermatitis include: that of sunburn, and characteristically leaves pigmentation which may persist for several months. 
Contact allergens
The most frequent type of inflammatory skin condition induced by plants and plant products is allergic eczematous contact dermatitis [ZI] . Such a reaction can take many forms varying from a dry scaly erythema to a severe papular or vesicular inflammation with oedema [7, 20, 211. Histologically, all forms are similar and resemble primary irritant dermatitis [20] . The plant metabolites responsible are low molecular weight' compounds such as haptens. Susceptibility to sensitisation by contact allergens is genetically determined, and is related to race, sex, and possibly age. Sensitisation is also dependent on the sensitising potential of the allergen, the quantity, and method of exposure. Consequently, not all individuals are affected similarly [2O, 211. One of the most potent allergenic materials, urushiol from poison ivy, may induce sensitivity after the first exposure. The process of sensitisation takes between six and twenty-five days, after which time a flare may develop when residues of the allergen react with newly sensitised tissue. This is termed a 'late reaction'. Subsequent exposure t o the allergen will elicit a clinical response after a delay of 24-48 hours, but may occur as soon as 8 hours o r as late as 120 hours after exposure depending on the allergen and the degree of exposure [20] . Some allergens of low sensitising potential may be seemingly innocuous for many years. Many . .
cases of occupational dermatitis are caused by prolonged repeated exposure to such substances. Once sensitisation has occurred, subsequent exposure to a sufficient concentration of the allergen will induce dermatitis. The course of the re-I action is then similar to that produced by more potent sensitisers. The primary allergen in cases of occupational dermatitis can often be identified by means of patch testing. However, if the primary allergen is of plant origin, identification may be difficult o r impossible. Many plants contain a complex mixture of potential allergens, any'one o r all of which will produce dermatitis when applied to the skin of a sensitised individual. It is not unusual for sensitivity to several compounds to occur simultaneously. A potential allergen may also elicit dermatitis in an individual sensitised to a different but structurally related substance, a phenomenon known as cross-sensitivity. Furthermore, compounds that are structurally related to an allergen may not themselves be allergenic, and yet they may be capable of producing dermatitis. Such secondary allergens are known as elicitors. Patch testing can demonstrate secondary allergenicity, but the status of the primary allergen needs to be ascertained by suitable in vivo methods [2O].
Urushiol is an ill-defined term used to denote the allergenic principles of poison ivy and related species of the Anacardiaceae. These substances are mixtures of homologous long chain phenolic compounds. Similar 'urushiols' have been isolated from the fruit pulp of Ginkgo biloba L. (Ginkgoaceae) and also from species of the family Proteaceae (see Fig.  2 and Table 11) .
Although reference has been made to the vesicant properties of urushiols, these compounds are not primary irritants at dose levels that evoke the characteristic skin reaction for which they are known [59] . Nevertheless, both the sap of Anacardium occidentale and the fruit pulp of The sesquiterpene lactones form another major group of naturally occurring contact allergens. These compounds have been found in the families Urnbelliferae, Magnoliaceae, Lauraceae, Aristolochia--ceae, Compositae, and in a genus of liverworts in the family Jubilaceae [62] . Allergenic sesquiterpene lactones have been found in the Compositae, Jubilaceae, and Lauraceae. In areas where certain species of the family Compositae are found, sensitisation to sesquiterpene lactones may be widespread. The compounds are concentrated in fragile glandular trichomes [63] and also on pollen grains. As small particles, both the glands and the pollen may be widely distributed by the wind. This type of allergy is quite distinct from hay fever which is caused by the protein constituents of the pollen exine [21] .
Sesquiterpene lactones can be classified according to their hydrocarbon skeletons. Allergenic lactones based on guaiane, eudesmane, germacrane, and pseudoguaiane have been reported (see Fig. 3 )-Recent structure activity studies show that a y-lactone with an exocyclic a-methylene group is a partial requirement for activity [62, 64, 651 . Over 250 sesquiter- but have not yet been biologically in sensitised individuals (see Fig. 4 ). At tested. The plant sources of immunologically active sesquiterpene lactones are given in Table 111 .
Certain naturally occurring quinones (see Fig. 5 ) constitute another group of allergens with a high sensitising potential [21, 751. The incidence of quinone induced dermatitis is lower than might be expected, mainly because these compounds are found largely in the heartwood of mature trees. However, the most cornmon cause of natural product induced dermatitis in Britain is the quinone primin from the leaves of Primula obconica Primulaceae [75] . The majority of the other quinones given in Fig. 5 are constituents of commercial timbers that were found to produce occupational dermatoses in woodworkers [76]. The plant sources of immunologically active quinones are given in Table IV. Tulipalin A (Fig. 6 The essential (or volatile) oils are corn--plex mixtures of substances containing terpenoids, phenols, acids, alcohols, and ethers. Generally, volatile oils have low allergenic potential, and may in some cases be weak primary irritants also [20] . The more common allergenic constituents of the oils are summarised in Fig. 7 . Several other ~l a n t ~r o d u c t s are known to give rise to aJlergic reactionsThese substances belong to various chemical classes, including the alkaloids, steroids, flavonoids, cyclic ethers, and the lichen compounds. These miscellaneo~s allergens are summarised in Fig. 8, and their botanical sources given in Table V . This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Table I I I
Botanical sources of allergenic sesquiterpene lacrones (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) (73) (74) Plant species Sesquiterpene Lactones present (see Fig. 4) COMPOSITAE Ambrosia acanthicarpa HOOK.
34.39
A. ambrosoides (CAV.) PAYNE
33
A. arborescens LAM.
33,37,39
A. artemisiifolia L. 
Primary irritants
Many species of plants are capable of evoking primary irritant dermatitis [7, 138,1391. Before about 1968, primary irritants of the plant kingdom were described as being generally not chemically identified [7] . More recently, the chemical nature of several groups of irritants has been elucidated, particularly those from the families Euphorbiaceae and Thymelaeaceae [140] . The mechanism by which irritants exert their effect is as yet only poorly understood. In general, it is believed that inflammation arises in response to tissue damage, although more specific biological actions such as agonism of an endogenous hormone o r transmitter [I411 may account for the inflammatory actions of some of the Euphorbiu irritants.
The skin reaction to primary irritants occurs within a short period of time after contact. Unlike allergenic substances, primary irritants will affect all subjects on the first exposure if the concentration is sufficient [20, 211. Several members of the family Ranunculaceae cause dermatitis when crushed on the skin [139, 142, 143, 144, 1451 . The irritant properties of the plants have been ascribed to protoanemonin (2, Fig. 9) which has been isolated from several Ranunculus and Pulsatilla species [I 42, 143 145, 1461. Protoanemonin is produced jr damaged plant tissues from the hlucosidc ranunculin (1, Fig. 9 ) by means of ; simple enzyme induced cleavage [143] . Capsaicin induces erythema but no blistering in mammalian skin [I491 and a report has been made concerning possible allergenic activity [2I]. The gingerols (4, Fig. 9 ) and shogaol(5, Fig. 9 ) of ginger (Zingiber officinalis Zingiberaceae) are also capsaicin-like compounds and are contained in the rhizome of this species which is said to be rubefacient [150, 151, 1521 .
Certain complex volatile oils also have mild skin irritant properties Amongst the more well known volatile oil producing plants, the oils of cajuput, clove, eucalyptus, nutmeg, pumiliopine, rosemary, thyme, and turpentine have been reported to induce inflammation of the skin [123] . N o t all of the constituents of these oils have been tested for irritancy, but it is known that a-pinene, limonene, and eugenol (2, 4 and 5, Fig. 7 ) are primary irritants [108, 1091. Safrole (6, Fig. 9 ) is an irritant constituent of the oil of several plant species including Sassafras albidum of the Lauraceae, and certain Ocotea species from the same family [ID] . Star anise (Illicium vertlm, Magnoliaceae) oil contains safrole as an active irritant component, as well as a-pinene and limonene [107, 1231. Arnbrosic acid (7, Fig. 9 ), a sesquiterpene isolated from the pollen of Ambrosia artemisiifoliu Compositae has also been described as an irritant compoun~' [153] , but details of biological tests em ployed were not given. A few plants are known that contail proteolytic enzymes in their sap. Con tact between the sap and the skin can re sult in a mild dermatitis [7, 21, 1541 . Thl enzymes papain (from Carica papay6
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P l a n t s a This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. Damage to the onion (Allium cepa Liliaceae) causes the release of lachrymatory pr~penylsul~henic acid (8, Fig. 9 ) [155] . The mild irritant properties of freshly cut o r damaged onions [I521 may in part be attributed to this compound. The irritant properties of other Allium species [138, 1521 have been attributed to other sulphur containing compounds [138] .
The mustard oils constitute a group of substances known chemically as the isothiocyanates. These compounds are a well defined and unique class of natural irritants which are produced by decomposition of glucosinolate glycosides This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
[136]. These glycosides occur in the ~l a n t s as anions, usually as their potassium salts. When the plant is damaged the enzyme myrosinase is liberated which in the presence of moisture produces the mustard oils from their glycolsidal form. Chemically this reaction occurs by means of hydrolytic fission of the thioglucoside linkage followed by a Lossen-type rearrangement [136] . The various mustard oils are classified according to the structure of their side chains. Six groups have been recognised, being the alkyl saturated, hydroxy substituted, keto substituted, aromatic, methyl-thioalkyl and alkyl unsaturated (see 9-14, Fig. 9) [136, 1561. Glycosides of this type are distributed throughout the family Cruciferae and also in the Caricaceae, Capparidaceae, Resedaceae, Euphorbiaceae, Tovariaceae, Moringaceae, Limnanthaceae; Tropaeolaceae, Gyrostemmonaceae, and Salvadoraceae [136, 1561. The iso-thiocyanate function of the liberated mustard oils confers the vesicant and lachrymatory properties to these compounds [136] .
Phodophyllum resin, derived from Podophyllum peltaturn and P. hexandrum Berberidaceae, is a powerful irritant substance that has been used to remove warts from skin [123] . The biologically active principle of the resin is probably podophyllotoxin (15, Fig. 9 ). However, since this compound accounts for only 1C-30 % of the resin [6] , other irritant substances may be present. Podophyllum resin has also been reported to be allergenic [I 571. Colchicine (16, Fig. 9 ) is a cytotoxic alkaloid present in the bulbs of the autumn crocus ( ~olchicum auturnnale Liliaceae). The drug has been used as an analgesic in the treatment of gout [123] . It has also been demonstrated that application to mammalian skin will induce inflammation and hyperplasia [I 581. Many species of the Euphorbiaceae and Thymelaeaceae contain a highly irri-I . Tigliane tant sap or latex [7, 1381. At one time, se-these plants have been shown to be esters veral of these plants were employed in of closely related diterpene polyoJs based medicine as counter-irritants or as purga-on the tigliane, ingenane, and daphnane tives. Recently the irritant principles of hydrocarbon ~keletons (Fig. 10) 
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The first compounds of this type to be isolated were esters of the tigliane polyol known as phorbol. This is a unique tetracyclic diterpenoid obtained originally from the oil and resin of seeds of Croton tiglium L. Eu~horbiaceae [159] The acute biological effects of compounds belonging to these groups include inflammation of the skin with oedema and hyperplasia [140] . O n prolonged repeated application of certain of these compounds to mouse skin, promotion of tumours has been observed [173] . There are also reports that certain of these com-. of action of these potent irritants remains unknown at the present time, but it is probable that generally they induce inflammation by a specific effect at a membrane bound receptor site, as well as by tissue damage [141, 1821. Selected examples of irritant esters belonging to the tree major groups are given in Fig. l l , and their botanical sources are given in Table VI. 
